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PART I 
DESIGN OF THE PO\~R PLANT 
I 
INTRODUCTION 
The power plant, the design o£ which is submitted 
herewith, is to be erected in Turkey, at the center of the 
tO\"ffi of Kestik, in the district of r.-iudanya along the shores 
of the Marmora Sea. Il!iudanya is the harbor of the state of 
Brusa, and like most of the big cities, it is entirely elec-
trified. However, electrification in Turkey has begun in the 
late twenty's; consequently, it has not yet been possible to 
bring electricity to the numerous small towns and villages. 
Several big projects have been undertaken for purposes of 
rural electrification, one of them being the erection of a 
120,000 KVA hydro-electric power plant at the Sakarya River, 
to be interconnected with the power stations of Istanbul and 
Catalagzi, thus providing power _to the entire district bet-
ween Istanbul, the biggest port of Turkey, and Ankara, the 
capital of Turkey. Other similar undertakings are the erec-
tion of hydro-electric power plants at the Tigris and Euphra-
tes rivers. 
This present power plant, however, is not such a big 
project. It will only provide the necessary power for a 
factory to be erected in the district; however, it is planned 
that the power plant will supply electricity to the town of 
Kestik where it is located. The town is a very small one,and 
its needs are estimated to be about 200 kw increasing during 
the next five years to a maximum of 400 kw. 
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The complete list of the loads the power plant has to 
supply is tabulated below: 
A.- About 400 motors of the factory rating from one 
to 20 horsepower, with a total of 4000 horsepower. Forty 
per cent of this motor load may be expected to occur with -
out interruption at day and night; the other motors will 
operate during the day shift only. 
B.- Besides these 400 small-size motors, three motors 
of 75 horsepower and two motors of I20 horsepower rated out-
put will work during the day shift. 
C.- The factory will include an electrolytic process 
working without interruption at a rate of 500 kw and need -
ing a maximum voltage of IIO volts. 
D.- Additional loads of 250 kw for lighting within 
the factory and administration buildings, roo kw for the 
residential settlements, and 80 kw for the ground-water 
pumping station will be supplied by the power plant. 
E.- And finally the electricity for the town of Kes-
tik will be supplied by the power plant as mentioned pre -
viously. 
Throughout the entire work, it has been the aim of 
the designer to provide higher economy, reliability of 
service, operating convenience, and safety. However, in 
the present work, which is the electrical design of the 
power plant, several details concerning the mechanical 
side of the design have been omitted. Assumptions are 
made when necessary. 
LOCATION OF PO~~ER PLANT 
The location of' the power plant by the sea of' Mannora 
has several advantages which are discussed below: 
A.- Availability of' Condensing Water.The generating 
units will all operate condensing. The condensing water 
will not be a problem, however, as there is abundant of' 
sea water which can be used as condensing water. 
B.- Accessibility by Water. The f'uel used f'or the 
power plant will be lignite from Soma, Tuncbilek, and De-
girmensaz. The lignites from these deposits are quite uni-
form with average heating values of' about 4000 kilocalories 
per kilogram, which is equal to 7200 BTU per pound. Work 
continueson modernization o£ existing plants at the extens-
ive lignite deposits at these places. This work will result 
in reduced costs, increased production, and cleaner and 
more uniform f'uel. From either one of' these mines f'uel can 
easily be transported by ships as these mines are at the 
shores of' the Black Sea. Navigation is not closed in winter, 
except during very severe stormy weather; but such weather 
being very exceptional, the plant will always· have enough 
stored f'uel. 
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C.- Elimination of Cooling Towers. As discussed in 
item A, cooling water is not a problem and it may constant-
ly be renewed. This eliminates the necessity of constructing 
cooling towers, thus reducing the invested capital. 
D.- Real Estate.-The district of Marmora is not a very 
industrial place; there~ore, real estate is reasonably 
cheap. Besides, the ground around the Marmora district 
is very ~irm and this eliminates the necessity o£ arti-
~icial ~oundation supported by ram-piles. This also re-
duces the invested capital. 
E.- Facilities o~ Extension. The district not be-
ing very crowded, there is always the possibility o£ ex-
tending the power plant in the ~uture, to provide power 
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to the districts o~ Bandirma and Gemlik by making inter-
connections with the plants already present at these places. 
F.- Restrictions Due to Surroundings. There are no 
restrictions due to surroundings as the district is not a 
military zone, the nearest military zone being at Izmit 
which is more than a hundred miles ~rom Ivludanya. 
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BUILDINGS 
The power plant building has, in the past, un£ortun-
ately been regarded as merely a weather guard for the ma-
chinery and, as such, was accorded but scant attention in 
the general design. That attitude no longer exists; a 
modern power plant building is an important feature of the 
plant. Its cost may be approximately half of that of the 
complete plant. The dimensions of the power plant building 
will be alloted after the dimensions of the principal piec-
es of equipment are secured. In all layouts, allowances 
will be made for sufficient clearances and for walkways. 
Walkway clearances around hot objects and rapidly moving 
machinery should be wider than those just necessary to 
allow passage. Similarly, galleries in the neighborhood of 
high tension buses should be as ample as available space 
permits. Throughout the design probable future extensions 
are to be kept in mind and the equipment placed so as to 
allow for the additions with a minimum of change or re -
location, and with no interruption of service. 
The architectural motif of the power plant, in its 
heavy massive lines, suggest power and permanencyo Each 
wall should receive a symmetrical treatment in window open-
ing and ornamentation as far as it is possible to do so. 
Symmetry and proportion are far more effective than expens-
ive marbles in lending the pr~per dignity to the structure. 
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Simple contrasting stone trimming s ca n be use d very e f~e ct­
ively to relieve the monotony of brick walls. Even the 
stack may come in for architectural treatment. A stack 
placed to one side of the plant is less conspicuous than 
one mounted on the roof. However, most of the larg e plants 
have the stack over the boiler room. Mechanical draft makes 
it possible to employ very short stacks unless the products 
of combustion must be delivered at an elevation to free the 
vicinity of soot and gases. 
The plant embodies three classes of building treatment: 
boiler room, turbine room, and electrical bays. Head room 
required in the boiler room will be greater t han in the 
others, and ventilation presents greater difficulty because 
of the heat liberated from the boiler surfaces. Usual drafty 
conditions, and the presence of considerable moisture in the 
air further complicate the problem. Coal handling and draft 
equipment make it difficult to illuminate the boiler room 
from above. Even with the utmost attention given to equip-
ment location, the boiler room continues to give the super-
ficial impression of crowdedness and lack ·or thorough design. 
Conversely, the turbine room become s the show. room of the 
plant to the uninitiated ••• light, airy, with vibration and 
noise reduced to the minimum . Overhead, the turbine room is 
kept in the clear to allow operation of the travelling crane. 
It is characteristic of the most modern plants that practic-
ally no piping shows in the turbine room. Where the required 
spa ce is a vailable, a pipe gallery in wh ich are run water 
and steam pipes will provi d e support for piping , a point 
for interconnection of piping, and a way of concealement. 
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Electrical bays con tain switchboards, control boards, 
relay panels, motor-generator battery sets, bus galleries, 
and circuit break er cells. There is usually a larg e number 
of circuit breaker cells arrang ed in rows, sometimes all on 
one level, sometimes in tiers on successive floors. 
Mezzanine floors are often used in the boiler room to 
carry draft equipment, economizers, air preheaters, and 
coal handling equipment. In the turbine room, switchboards 
and control boards may also be elevated a b ove the turbine 
room floor on a platform or mezzanine floor. Below the turb-
ine room floor the condenser and auxiliaries are located on 
one or more levels. Access to these various levels calls 
for widely different stairway design. 
DE TEPJ ·_ I NATION OF LOAD CURVES 
From the nature of the loads given in the data of the 
power plant, it is seen that some of the loads will occur 
during day and night shifts without interruption, and the 
remaining loads will occur either during the day or night 
shift. 
The different types of loads to be supplied by the 
power plant is tabulated below: 
Total power for motors = 4000 hp x 0.746 = 2,980 kw 
40% of total •••••••••••••••••• = 1,190 kw day and night 
60% of total •••••••••••••••••• = 1,790 kw day shift only 
Three motors : 3 x 75 x 0.746 = I68 kw day shift only 
Two motors : 
Electrolytic 
Lighting 
2 X 120 X 0.746 = 
process ••••••••••• = 
••••••••••••••••• = 
Residential ••••••••••••••••• = 
Pump Station ••••••••••••••••• = 







day shift only 
day and night 
night shift 
night shift 
night and day 
night shift 
The total load that will occur during night and day shifts 
without interruption is 
I,I90 + 500 + 80 = 1,770 kw 
The total load that will occur during day shift only is 
{ 1,790 + 168 + 179 = 2,137)+ 1,770 a 3907 kw 
The total load that will occur during night shift only is 
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( 250 + roo+ 40o = 750)+ I,770 = 2,520 kw 
The chronological variation in demand for energy on 
the source of supply is plotted in the form of a chronologic-
al load curve as seen in Figure (a), Appendix A. From a study 
of this curve, it is observed that the peak load will occur 
at 6:00 a.m. and will continue until 6:00 p.m. The amount of 
this load will be 3907 kw. At 6:00 p.m. the load will fall 
off to 2520 kw and will continue at this value until 6:00 a.m. 
when it will again rise to the peak value. 
Although the variation in demand throughout a period of 
time is demonstrated by the chronlogical load curve, yet it 
is seen necessary for system planning and operating estimates 
to express the variation in, and the integration of, the 
total energy requirements for a period of time in some concise 
form. This is accomplished by the load duration curve as 
shown in Figure (b), Appendix A. The area under the curve of 
a daily chronological load curve is a direct measure of the 
total energy consumed by the load during the day. This energy 
is evaluated by the ~~:w dt , the unit being the kw-hr. 
~ 
Fundamentally, the load duration curve is nothing more than 
a rearrangement of all the load elements of the chronologic-
al curve in the order of descending magnitude, as shown in 
the figure. Hence, it is evidemt that the areas under the 
load duration and the corresponding chronological curve are 
IO 
equal. Since it is i mpractical to determine the equation of 
either load curve, the area or energy is determined graphic-
ally. This can be done with sufficient accuracy by adding 
the readings of either curve at the mid-point for every 
half-hour period and dividing by two. 
It is apparent that the duration cu rve can be extended 
to include any period of time. By laying out the abscissa 
to include 8,760 hours, the variation and distribution in 
demand for an entire year can be SQ~~arized effectively in 
one curve. 
For purposes of availability the integrated duration 
curve and the mass curve are drawn as shown in Figures (c) 
and (d) respectively, Appendix A. It will be seen from these 
curves that the integrated duration curve is plotted kw-hr 
versus kw, and the mass curve is plotted hours versus kw-hr. 
It is obvious that the actual load curves will not be 
so regular as the ones which are drawn; but fro~ the nature 
of the loads, it will be realized that the variation will . 
be but slight. 
II 
SELECTION OF EQUIPivTEN T 
In view of the nature o:f the load curves, three 1500 
kw units will be selected :for the power plant. Two o:f these 
units will operate from 6:00p.m. to 6:00a.m., when the 
load is 2520 kw as seen :from the chronological load curve, 
Figure (a) Appendix A. The third unit will be added to the 
already working two units during the day shift starting at 
6:00a.m., when the load will be 3907 kw. This third unit 
will be disconnected at 6:00 p.m. 
Another I500 unit will be needed as a stand-by unit. 
One boiler set will be necessary for each turbo set. The 
turbines will be of the condensing type so that the con -
densate can be used as :feed water. 
Steam Generating Equipment 
As stated prewously, several details not concerning 
the electrical design of the power plant are omitted in the 
present design. In this connection the detailed calcula -
tions :for determining the boiler capacities have been omit-
ted. However, it is common p·ractice in Europe to assume 5 
kilograms of steam to be required per kw to be generated. 
This assumption has been adopted here to determine the 
sizes o:f the boilers. Accordingly, the boilers will have a 
continuous capacity o:f 
!500 kw x 5 kg steam/kw = 7500 kgs o:f steam per hour 
per boiler. 
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Therefore each boiler will generate 7.5 ton~or steam per 
hour at r a ted load. Also, each boiler will have a maximum 
capacity of 9 tons per hou r and a one-half hour peak ca-
pacity of II tons per hour. The steam generators , one ror 
each unit, will be of the Erie City standard three-drum 
type inclined water tube boilers, and associated with each 
will be an integral economizer of the continuous tube type 
and a tubular air heater • Superheaters are designed to 
provide a steam temperatu re or 400°C at a rated pressure 
of 32 atmosphere gage . The units will be fired by chain-
grate stokers. The approximate overall dimensions or the 
boilers are given below: 
Length = IS feet and 4.5 inches 
Width = IO feet and 7.75 inches 
Height = 24 feet and II inches. 
Feed Water 
The losses will be assumed to be two per cent of the 
circulating water. Therefore, 
7500 x 2% = I50 kgs of feed water will be added per 
hour per boiler. 
Cooling Water 
It is generally assumed that 70 tons of cooling water 
are required per ton of steam. Therefore, 
7.5 x 70 = 525 tons of cooling water will be needed 
per hour per boiler. 
* I ton = IOOO kgms. 
Turbine Generator Equipment 
Each of the turbine generator units consists of a 
impulse-reaction turbine driving a I500 kw air-cooled 
generator. 
The Turbines 
!500 kw Westinghouse i mpulse rea ction turbines will 
I3 
be recommended for the power plant. In this type of turbine 
the entire rotor, comprising the reaction spindle, impulse 
disc, and turbine shaft, is a single steel forging, there-
by insuring greater strength and rigidity. The i mpulse ele-
ment consists of a single set of nozzles, two rows of blades 
on the rotor, and one set of intermediate stationary revers-
i~g blades. In this machine approximately 45 per cent of the 
total energy developed is absorbed in the impulse element. 
The reaction element consists of !2 straight reaction stages 
with the rotating elements mounted on a single cylindrical 
drum. 
The Generators 
The generators will each be 1500 kw air-cooled machines. 
The rating of each generator will be as tabula ted below: 
KVA ~ KW RPM No of Poles Cycles Volts Amp. 
I875 0.8 !500 3600 2 60 4160 260 
The approximate reactances in per cent on machine KVA 
rating and the time constants in seconds are as follows: 
I4 
Positive Sequence Reactances: 
Xd = synchronous reactance = I20 per cent 
Xd'= transient reactance = I5 per cent 
Xd"= subtransient reactance= 9 per cent 
Negative Sequence Reactance: 
X2 = 9 per cent 
Zero Sequence Reactance: 
Xo = 3 per cent 
Time Constants: 
Tdo' = open-circuit transient time constant = 5.0 seconds 
Td' = short-circuit transient time constant= 0.6 second 
Td" = short circuit subtrans. time constant= 0.035 sec. 
Ta = armature time constant = O.I3 sec. 
The entire output of each generator is supplied direct-
ly to the main bus. 
Excitation System 
Each unit will be provided with a direct connected 
exciter. The exciters will be 7.5 kw, compound wound d-e 
machines that will generate I25 volts. To obtain automatic 
voltage regulation, the exciters shall be operated non -
parallel, and the voltage o£ each generator will be auto-
matically and i~pendently controlled by its own regulator. 
A direct acting field rheostat type regulator shall be 
provided. 
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The approximate dimensions o£ the entire turbo-alter-
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The condensers will be of the tubular surrace type. 
This type of condenser has several advantages as well as 
disadvantages, but the advantages are greater and therefore 
its use is justified. 
Some or the main advantages of surface condensers are: 
I.- Usually less power is required to operate the 
auxiliaries connected to a surface condenser than those 
used with other types, assuming the same operating condi-
tions. 
2.- There is less air leakage in surface condensers 
installations than with other types. 
3.- For testing purposes the surface condenser per-
mits the weighing of the condensate. 
4.- The condensate being pure distilled water is re-
claimed for boiler feeding purposes . 
5.- A decrease in the vacuum does not affect the cool-
ing water supply; hence there is little danger of losing 
the vacuum in a surface condenser. 
6.- There is practically no limit to the size of 
a surface condenser. 
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Some of the disadvantages of surface condensers are: 
I.- Surface condensers require more head room in 
order that the condensate pump may operate under a suffici-
ent head. 
2.- The first cost is generally high as well as the 
maintenance. 
3.- Surface condensers require more floor space than 
jet condensers as it is necessary to make provisions to re-
move the tubes. 
It is recommended that the condensers to be used in 
the present power plant have the following characteristics: 
a.- Steam flow from turbine exhaust •••• 19,800 #/hr 
b.- Absolute pressure in the condensers.... I" Hg 
c.- Cooling water temperature ••••••••••••• 60°F 
d.- The condensers will have two passes. 
Each condenser is to be connected to the turbine 
exhaust by means of a rubber expansion joint. 
D~TZRJ\~INATION OF GEN~RATOR NEUTRAL REA CTAN CE 
The generator standards require t hat the machine be 
braced only £or currents equal to the three-phase values. 
The ratio of the phase currents £or terminal-to-neutral 
to three-phase short circuits can be determined £rom the 
following relations: 




For terminal-to-neutral short circuits 
i" == 
Xd"+X2+ Xo 
Thus, for the phase currents 
Terminal-to-neutral short circuit == 
Three-phase short circuit 
3 Xd" 
Xd"+ X2+ Xo 
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The negative sequence reactance, X2, is, in this case, 
equal to the subtransient reactance, Xd", but the zero 
sequence reactance, Xo, is less than Xd". Therefore the 
terminal-to-neutral current is greater th~n the three-phase 
short circuit current. In order that the terminal-to-neutral 
current not exceed the three-phase current, a reactor will 
be placed in the neutral of the generators of such value as 
to bring the zero sequence reactance of the circuit equal to 
Xd". Thus the neutral reactor, Xn, should be 
Xn :s !y- ( Xd" - Xo ) 
Xn = I/3 (0.09 - 0.03 ) 
Xn = I/3 ( 0.06 ) 
Xn = 0.02 per unit 
Xn = 2 per cent on the machine KVA rating. 
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WATER CIRCULATION CIRCUIT 
As it was mentioned previously, I50 kilograms o£ feed 
water per boiler per hour will be necessary to compensate 
the losses. Obviously the raw water cannot be used directly 
for boiler feed. It has to be treated either chemically or 
non-chemically before it can be sent to the boilers. For the 
present power plant a chemical treatment would not be just-
ified as the amount o~ feed water needed per boiler is very 
small. The treatment will consists of a simple evaporation 
and distillation process. However, a general discussion of 
the various methods o~ ~eed water treatment will be given 
in Part II of this work. 
The non-chemically treated water will flow into an 
intermediate storage tank to which will also flow the con-
densed water from the condensers. The complete water-flow 
diagram is given in Appendix B. As is seen from this dia-
gram, two intermediate pumps will pump the water ~rom the 
storage tank to the deaerator. A IOO kw non-condensing 
back pressure turbine will drive one o~ the boiler £eed 
pumps. The turbine will receive its steam from the high 
pressure line and exhaust it to the deaerating heater at 
a back pressure of 0.5 atmosphere gage. Since the turbine 
exhaust will not be sufficient to provide proper heating 
and deaeration, additional steam will be taken through the 
reducing valve from the low pressure line. 
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The boiler feed-water leaves t he deaerating heater, 
is pumped by the boiler feed-water pumps , and passing 
through the economizer, it finally enters the boiler. There 
it is converted to steam which passing through the super-
heater enters the condensing turbine which drives the gener-
ator. The steam then is exhausted into the condenser where 
after being condensed it passes through the condenser pump 
and flows into the intermediate storage tank, thus complet-
ing circuit. 
All the pumps, except the one driven by the non-con-
densing back pressure turbine, are driven by a-c motors . 
TYPE OF LAYOUT 
For a plant of this capacity single-bus, single-
circuit breaker system of layout will be recommended, as 
2I 
it provides greater simplicity and economy. On the other 
hand, the disadvantag e of this scheme is that it does not 
provide flexibility of operation. However, the nature of 
the load is such that service interruptions can be tolerat-
ed. Another disadvantage of this arrangement is t hat bus 
maintenance is more difficult; however, it is possible with 
proper precautions to do the maintenance work while the 
bus is alive. 
A double-bus single-breaker scheme would provide more 
flexible operation. However, the standard metal-clad switch-
gears to be chosen for a plant of this capacity use the 
single-bus scheme. And the extra cost for a switchgear with 
a double-bus arrangement would not be justified. 
The low voltage bus will also be a single-bus arrang e-
ment for reasons stated above. Furthermore, ~th the low 
tension bus it will even be easier to do the maintenance 
work while the bus is alive. As in the high tension bus, 
here also exists the disadvantage of non-flexible operation. 
However, to increase the reliability of service to some ex-
tent a disconnecting switch will be placed between the low 
tension buses o£ the outgoing feeders and station .feeders 
respectively. A complete single-line connection diagram is 
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given in Figure (a}, Appendix Co As seen in the diagram, 
the disconnecting switch between the two low tension buses 
will be open normally. During faulty conditions, this 
switch will be closed temporarily providing continuity of 
service, until the fault is eliminated. Had this arrangement 
not been used, to provide more reliable a service the out -
going feeders would have to be fed by two separate feeders 
from the main buso In this type of arrangement, however, 
only one feeder from the main bus is used for the outgoing 
feeders. By the elimination of the second £eeder the number 
of transformers, circuit breakers, and other necessary equip-
ment will be less than it would have been otherwise, thereby 
providing greater economy. 
In Figure (b), Appendix C, are shown the three-phase 
connections of the generators to the main bus. The diagram 
also shows the synchronizing arrangement necessary for the 
parallel operation of the generators. For simplicity the 
connections of only two of the generators are shown in the 
diagram. The remaining two generators will be connected in 
exactly the same way. 
In Figure (c) the three-phase connections of the two 
feeders for the high tension motors are shown. 
Similarly, Figure (d) shows the three-phase connec-
tions o£ the feeders connecting the high tension bus to the 
two low tension buses. 
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POWER FOR STATION AUXILIARI ES 
Power for station auxiliaries will be supplied from 
the 190 - IIO volt low tension bus. This scheme has the 
disadvantage that disturbances in the main circuit will be 
reflected in the auxiliary energy supply circuit. It is, 
however, an efficient and low-cost means of securing energy 
for auxiliaries, because main bus energy is produced more 
efficiently than any other, and the transformer losses are 
small. 
The following are the necessary station auxiliaries: 
I.- Boiler Feed Pumps. Five feed pumps will be nece-
ssary. The first two intermediate pumps will take suction 
on the intermediate storage tank and will pump the water 
into the deaeratoro The next three pumps will take suction 
on the deaerating heater and pump the feed water through 
the economizer to the boiler internal feed line. At the suc-
tion of the feed pump there will be a suction head of about 
35 feet. The required discharge head necessary to overcome 
pressure drops and boiler pressure can be determined easily. 
One psi pressure is equal to 2.3I feet head of water. For a 
boiler pressure of 440 psi, therefore, the discharge head 
will be 
440 x 2.31 = IOI6.4 feet of head. 
The temperature at the pump will be 2I5°F and the 
required capacity of each pump will be 60 GPM. 
Assurning the overall efficiency o.f the pump to be 75 per 
cent, the drive horsepower of the pump will be determined 




Overall Efficiency = 
Drive Horsepower 
Q X H X d 
Vlater Horsepower = 
33,000 
Q = Capacity, pounds per minute 
H = Total head in feet 
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d = Relative density of water at the pump temperature 
referred to 60°F standard. 
Therefore, 
Q X H X d 
Drive Horsepower = 
33,000 x ef:f. 
From steam tables the density of water at 2!5°F referr-
ed to 60°F standard is found to be 0.960. 
I gallon = 8.33 lb of water. Therefore, 
Q =60 x 8.33 = 499.8 lb per minute. 
H = IOI6.4 - 35 = 98!.4 feet of water 
Therefore, 
499.8 X 98!.4 X 0.960 
Drive Horsepower ---------------------------33,000 X 0.75 
= !9 hp. 
* Morse,F.T.,"Power Plant Engineering and Design", pg. 554. 
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All pumps will be of the centrifugal type. 
2.- Condensate Pumps. Four condensate pumps will be nece-
ssary to tak e suction on the condenser and pump the con -
densate into the intermediate storage tank. The capacity of 
each pump will be determined by the following formula*: 
Capacity = 0.002 K S 
where, 
S = pounds of steam used per hour by the generat-
ing unit, . 
K = a factor, generally assumed to be I.25 o 
Therefore, 
Capacity = Oo002 x I.25 x 19,800 
= 49.5 GPM 
50 GPM standard pumps will be used. Each pump ~11 be 
a two-stage horizontal centrifugal pump with an overall 
efficiency of 75 per cent and a total head of !25 feet. 
The drive horsepower will then be determined as before. 
Water Horsepower 
Drive Horsepower = 
Efficiency 
50 X Bo33 X I25 
= 
33,000 X 0.75 
- 2.1 hp 
* Leutwiller,o. A. Notes on the Design of Power Plants",pg 85 
26 
3o- Circulating Pumps. Circulating pumps will be nece-
ssary to deliver the cooling water into the condenser and 
to circulate it through the banks of tubes. The type of cool-
ing water will be sea water from the sea of Marmora . This 
water will not be treated before its use as cooling watero 
Four circulating pumps of the double-suction centri-
fugal type will be used. Since 70 pounds of cooling water 
will be necessary for each pound of steam, the capacity of 
each pump will be 
19,800 X 70 
Capacity = 
Bo33 X 60 
a 2780 GPM • 
The standard 3000 GPM pump will be used, with an effi-
ciency of 76 per cent and a total head of 40 feet. The drive 
horsepower is, therefore, 




40 X 3,000 X Bo33 
33,000 X 0.76 
= 39.8 hp 
4.- Forced Draft Fans. Forced draft fans are necessary 
for producing a pressure below the grate in order to force 
air into the ~el bed. Multi-vane centrifugal fans will be 
recommended. 
In order to determine the horsepower required to 
operate the fans, it is necessary to make the following 
assumptions: 
Diameter of wheel, D, 
Velocity of flow, v, 
= 50 inches 
= 2,000 :ft/min 
Dynamic pressure, Pd, = 3 in of water 
Total ef:f of blower,E, = 70 per cent. 
Then, the capacity,Q, in cubic feet per minute, ean be 
determined by the following relation: 
.Q=vxA 
3.I4I6 X 50 X 50 
= 2,000 X 
4 X 144 
= 27,300 cu .ft per min. 
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The horsepower required to operate the .fan is given 
by the :following .formula*: 
Horsepower = 
= 
5.2 X Q. X Pd 
33,000 X E 
5.2 X 27,300 X 3 
33,000 X 0.70 
= I8.3 hp 
From Table 53 given in Gebhardt, G. F., " Steam Power 
* Gebhardt, G. F., " Steam Power Plant Engineering n, pg 3~. 
Plant Engineering", the nearest standard £an is found to 
be a 50 inches diameter, 30,000 cubic £eet per minute, 
609 RPM, 20.I hp fan which will be recommended £or the 
power plant. 
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5.- Induced Draft Fans. The induced draft fans handle 
gas at the temperature leaving the air preheater. The fans 
recommended for this purpose will be super-duplex induced-
draft fans with a pressure of 3 inches of water, 36,900 
cubic feet per minute, 707 RPM, and 26.8 horsepower, as 
taken from Table 35 in Harding,L. A.," Steam Power Plant 
Engineering". 
6.- Stokers. As mentioned previously, chain-grate 
stokers will be used to automatically furnish a continuous 
supply of fuel. The chain-grate stoker is one o£ the most 
popular forms of automatic stokers for burning small sizes 
of free-burning coal and lignite. The forced draft type of 
chain-grate stoker will be used. The proportionment of grates 
and stoker parts is largely governed by empirical rules. A 
liberal rate of combustion to allow is 25 pounds of coal per 
square feet of grate surface per hour. 
The fuel consumption can be determined by the follow-
ing relation: 
W ( H - Q ) 
Consumption, C = 
ExB 
where, 
W = steam consumption 
H = enthalpy of the generated steam 
Q = enthalpy of the feed water 
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E = efficiency of the unit,assumed to be 80 % 
B = heating value of fuel, 7200 BTU/lb. 
From steam tables, 
Therefore, 
H = 1338.5 BTU/lb 
Q = I86 BTU/lb 
c = 
I9,800 ( 1338.5 - !86 ) 
0.80 X 7,200 
= 3960 lb/hr 
The rate of fuel consumption will be equal to 3,960 
divided by I,500 kw,which will give 2.64 lb/kw-hr. 




= !58 sq ft. 
In order to meet the variation in steam demands, and 
hence the changes in rates of combustion, all stoker drives 
must be capable of speed variation. Because of the low 
speed of the feeding and stoking mechanism, there is usual-
ly a fixed speed reduction between driver and stoker shaft. 
The power requirements are very small and vary from I hp o'r 
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less in the smaller sizes of chain-grate stokers to about 
25 hp in the largest designs. For these reasons, for a plant 
of this capacity, variable speed 5 hp d-e motors will be 
recommended for the stokers. 
7.- Coal Conveyors. For the power plant under consider-
ation the flight conveyors will be recommended for their 
extreme simplicity and low first cost. In its simplest form, 
this conveyor consists of an endless chain to which are 
attached at intervals the so-called flights or scrapers. 
The power required to operate the flight type convey-
or is given by the following empirical formula*: 
where, 
A W L S B L T 
Horsepower = + + X 
r,ooo r,ooo 
A and B = Constants 
W = weight of conveyor per feet in pounds 
L = distance between centers of head and 
tail sprockets in feet 
S = speed of conveyor in feet per minute 
T = capacity of conveyor in tons per hour 
X = I for conveyors up to IOO feet centers; 
2 for longer conveyors. 
In order to determine the necessary power to operate 
* Gebhardt, G. F.,"Steaa Power Plant Engineering", pg 269. 
the conveyor, the following assumptions are made: 
W = I5 lb 
L = 80 ft 
s = roo ft/min 
X = I 
3I 
A and B constants are determined from Table 36 in Gebhardt, 
G. F.,"Steam Power Plant Engineering" , whence 
A = 0.030 




T = I.98 = 2 tons per hour approximately 
Therefore, 
(0.03 X I5 X IOQ X 80 )+(0.69 X 80 X 2) 
Hp ---------------~----------------------- + I I,OOO 
= 4.7I hp 
Consequently, a 5 hp motor will be used for this purpose. 
8.- Ash Conveyors. For handling the ashes a similar 
arrangement will be used. Therefore it will be reasonable 
to recommend a 5 hp motor for ash conveying. 
9.- Air compressor. Large amounts of compressed air 
are not required in the power plant. Consequently, a 5 hp 
compressor will be recommended. 
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MOTORS FOR THE AUXILIARIES 
Four 20-hp squirrel cage motors will be needed for 
the boiler feed pumps, as the fifth pump wlll be driven by 
a non-condensing back pressure turbine. 
For the condensate pumps four 3-hp squirrel cage 
motors will be needed. 
For t~e circulating pumps four 40-hp squirrel cage 
motors will be necessary. 
Four 20-hp squirrel cage motors for the forced draft 
fans and four 30-hp squirrel cage motors for the induced 
draft fans will be needed. 
For the stokers four 5-hp d-e motors will be used. 
Three 5-hp squirrel cage motors will be needed for 
the coal and ash conveyors and the air compressor respect-
ivelyo 
The straight squirrel cage induction motors are recom-
mended, because due to their simplicity they are suitable 
for driving small and medium size centrifugal pumps and fans 
for which the starting power does not exceed 50 per cent of 
the maximum horsepower required to operate the pump or fan. 
The total power required for the station auxiliaries 
is 487 hp or 363kw. This amount is the 6.06 per cent of the 
total plant capacity, which can be considered reasonableo 
DETERMINATION OF CIRCUIT BREAKER CAPACITIES 
The figure in Appendix D shows the arrangement of 
circuit breakers and their operating times. In order to 
determine the capacities o£ the circuit breakers, faults 
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at two di£ferent points in the system will be considered. 
The most severe faults that are likely to occur will be 
either at one of the generator terminals or at one o£ the 
feeders. In the first case only three of the generators will 
feed into the fault; and in the second case four of the gen-
erators will feed into the fault. The most dangerous fault 
will be a single-line-to-ground fault, but for purposes o£ 
checking, a three-phase fault ~11 be considered as well. 
I.- Single-Line-Tb-Ground Fault 
First a fault will be considered at one of the gener-
ator terminals. The figures on page 34 show the network dia-
grams of the system. If the fault is on phase (a), then the 
sequence currents will be 
where, 
Ea 
Ia = Zero sequence component of the fault current 0 
Ia1 • Positive sequence component of the current 




• Zero sequence reactance 
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Ea = Rated voltage. 
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Since the three generators are in parallel, the react-




= o.or p.u. 
1.2 
3 
= 0.4 p.u. 
3 
= 0.03 p.u. 
I 
o.or + 0.4 + o.o3 
= 2.27 p.u. 
If = 3 x Ia0 = 3 x 2.27 
= 6.81 p.u. 
The a-c component of the current to determine the cir-
cuit breaker capacity is given by the following equation: 
-t/Td" -t/T ' 
iac = (id"- id')e + (id' - id)e d + id 
where, 
3 e. ' J. 
=I+ (. 8 -j.6)ji.2 
Similarly, 
e.' =I+ (.8 -j.6)j.I5 
1. 




3 X 1.975 
0.44 
= 13.5 p.u. 
3 X I.095 
0.09 
= 36.6 p.u. 
3 X I o055 
36 
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The circuit breaker at this point is to operate in one secon~ 
Therefore the a-c component of the current becomes 
-I/.035 -I/.6 
iac=(45o3 - 36.6)e + (36.6- I3.5)e + 13.5 
= 17.9 p.u. 
The maximum value of the d-e component is 
J.. = v 2 de 
• f1 
J.d 
= v 2 4 5 • 3 = 64 p. u. 
The root mean square value of the current is 
inns 
2 2 1/2 
= (I7.9 + 64 ) 
= 66.5 p.u. 
1875 
Rated Current = VT X 4.I6 
= 260 amperes 
irms = 66.5 x 260 
= 17,300 amperes. 
Next a fault will be considered on one of the feeders. 
The network diagrams will be similar to those shown on page 
34, with the exception that four reactances will be connect-
ed in parallel instead of three . In this case the reactances 
will be as follows: 
X0 = 0.0075 p . u . 
The a-c component of the current will again be deter-
mined by the following equation: 
where again, 
= 
i ' = d 
-t/T " 
id')e d + (id' 
3e." ]. 
Substituting, 
3 X I.975 
id = 0.33 
= !7.95 p.u. 
3 X I.095 
id ' = o.o6?5 
= 48e? p.u. 
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3 X 1.055 
idn = 
0.0525 
= 60.3 p.u. 
The circuit breaker at this point will operate in 0.5 
second. Therefore the a-c component will be 
-.5/.035 . . -.5/.6 
i = (60.3 - 48.7)e + (48.7 - I7.95)e + 
ac 
+ I7.95 
= 3I.35 p.u.. 
The maximum d-e component is as before 
• =V2 ·tt ~de ~d 
= v 2 x 60.3 = 85.3 p.u. 
The root mean square value of the current is 
= 9I p.u. 
= 9I X 260 
= 23,600 amperes 
2.- Three-Phase Fault 
As in the case of single-line-to-ground fault calcula-
tions, here again faults at two different points will be 
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considered. First a f'ault will be consid ered at one of the 
generator terminals. As before, the a-c component o£ the 
current will be determined by the f'ollowing equation 
where, · 
= 







= 4.94 p.u. 
!.095 
i ' = d 0.05 
= 2!.9 p.u. 
= 3 5.2 p.u. 
For the circuit breaker operating in one second, the 
a-c component o£ the current will then be, 
ers . 
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-I/.035 -I/ . 6 
i = (35 . 2 - 2I.9)e + (21.9 - 4 . 94)e + 4 . 94 ac 
= 8 . I7 p . u . 
The maximum d-e component of the current is 
J.• = v~ de 
= V~ X 35 . 2 = 49 oS p.u . 




= 50. 4 p . u. 
= 50 o4 X 260 
= I3 , IOO amperes . 
the fault will be considered at one of the feed-
In this case 
I . 975 
id = 0 . 3 
= 6 . 58 p . u . 
I . 095 
id t = 0 . 0375 
= 29 . 2 pu. 
• n I . 055 
J.d = 
0 . 0225 
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For the circuit breaker operating in 0.5 second, the 
a-c component of the current will then be 
-.5/.035 -.5/.6 (47 - 29 .2)e + (29.2 - 6.58)e + 6.58 
= I6.48 p.u. 
The d-e component of the current is 
ide = V~ X 47 = 66.5 p . u . 
The root mean square current is therefore, 
= 68.5 p.u. 
= 68.5 X 260 
= 17,750 amperes. 
In both cases the root mean square values of the cur-
rents are less than those found with a single-line-to-ground 
fault . Consequently, those values obtained with a single-
line-to-ground fault will be considered in selecting the 
circuit breakers . 
The three-phase KVA interrupting capacity of the cir-
cuit breakers will be determined as follows: 
KVA = I x I.73 V 
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where V and I are the line- to- line voltaee and the root 
mean square value of the current respectively . 
For irms = I7 , 300 amperes 
KVA = I7 , 300 X 1 . 73 X 4 oi60 
= I25 , 000 KVA 
For i = 23 , 600 amperes 
rms 
KVA = 23 , 600 X 1 . 73 X 4 . 160 
= 170 , 000 KVA 
In view of the above found values, the Westinghouse 
50DHI59 Type circuit breakers will be recommended for the 
generator terminals , and 75DH250 Type circuit breakers will 
be recommended for the feeders . 
The ratings of these breakers are tabulated below: 
Circuit Breaker Type •••••••••••••••• 50DHI50 75DH250 
Three- Phase Interrupting Capacity • • • 150, 000 KVA 250 , 000 KVA 
Current Rating 
a . Continuous • • • • • • • • • • • • • • • • • 600 Amp . I , 200 Am~ 
b . Short- time lJioment • • • • • • • • • • 40 , 000 Amp. 60 , 000 Amp . 
Rated volts • • • • • • • • • • • • • • • • • • • • • • • • • 5 , 000 v 7 , 500 v 
Minimwn Service Voltage • • • • • • • • • • • • • 3 , 500 v 4,000 v 
Interrupting Rating Amperes 
a . At rated volts • • ••••••••• • • 17 , 500 Amp . 20 , 000 Amp . 
b . Maximum •• •••••••••••••••••• 25 , 000 Amp . 36 , 000 Amp . 
Insulation Test 
60 Cycle ~m KV , I Minute o••o• I9 KV 36 KV 
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SWITCHGEAR S&LECTION 
The indoor type Westinghouse metal clad switchgear 
will be recommended. This switchgear is designed for opera-
tion on systems not exceeding the maximum , voltage rating. 
It is fully partitioned but is designed for quick and easy 
accessibility. This not only improves service continuity in 
emergencies, but makes rootine inspections easy at less cost 
in time and money. In case of maintenance on component appa-
ratus, time required for getting to and servicing the equip-
ment is reduced to a few minutes . In every case, access pro-
vided is completely safe to operator and equipment. 
The entire power center is metal enclosed in matched 
cases to form an integral structure occupying minimum floor 
space and having no live exposed circuits. This feature 
facilitates installing near the center of the load, and 
results in maximum economy as secondary cables are of mini-
mum length. 
The compact construction of this dry-type power center 
and the complete enclosing of high-voltage switchgear, trans-
former and low-voltage feeder section offers complete opera-
tion of safety and economical distribution of electrical po-
wer in industrial plants. 
Installation is very easy. It is only necessary to con-
nect high and low voltage feeders. The transformer is air-
cooled. The absence of liquids as a cooling medium eliminates 
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expenses o£ sampling, testing , and reconditioning. Positive 
interlocking prevents false breaker operation. All circuit 
breakers are o£ the removable drawout type for ease of ins-
pection, maintenance , and replacement. The figure on page 
46 gives the dimensions of the high- and low-voltag e switch-
gear. 
The High Voltage Switchgear 
Unit type construction is used in the formation of the 
housing, providing a rigid, self-supporting and self-contain-
ed enclosure for each circuit breaker unit. The housing con-
sists of a welded structural steel frame enclosed with I/8 
inch stretcher leveled sheet steel, electrically welded and 
is provided with a hinged steel panel suitable for mounting 
instruments, meters, relays, and control devices. The cir-
cuit breaker unit, buses, instrument transformers, and out-
going cables are isolated within separate compartments form-
ed by sheet steel barriers. Each compartment may be serviced 
individually without exposing circuits in adjacent compart-
ments. 
The housing and circuit breaker units are constructed 
so that each unit is interchangeable with every other unit 
of similar rating. 
The circuit breaker is the Westinghouse Type DH unit, 
complete with self-coupling primary and secondary contacts, 
solenoid operating mechanism, auxiliary switches and inter-
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SWITCH GEAR DIMENSIONS 
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locks mounted on a mobile £rame. A steel barrier separates 
the high voltage parts of the circuit breaker from the 
o p erating mechanism and control devices. 
A levering device operated through a worm gear by a 
removable hand crank is built into the breaker unit £or 
moving it between the " Test " and the " Connected " posi-
tions. The device is interlocked to prevent unit from be-
ing inserted to n Connected " position while breaker is 
closed and will permit operation o£ breaker when in " Test " 
position. 
The Low Voltage Switchgear 
The low voltage feeder circuit protection is provided 
by Type DK circuit breakers. The ratings will be as follows: 
Circuit Breaker Type •••••••••••••••• DK I5 
Current HaDing ••••••••••••••••••••• 25- 225 Amps. 
Interrupting Rating ••••••••••••••••• 15,000 Amps. 
Maximum Breakers per Vertical Section •••• 4 
The circuit breakers are electrically operated and 
are of the removable drawout type. They can be moved from 
" Connected 11 to " Test " and " Disconnect" positions or 
removed completely for inspection, maintenance or replace-
ment. These circuit breakers operate on the Westinghouse 
principle of "De-Ion" arc interruption, which provides 
~proved interrupting efficiency and minimizes the for.ma-
tion of arc flame and gases . These Type DK breakers have a 
one-piece frame construction and solid silver inlay butt 
type contacts which operate under high pressure . The auxili-
ary and main arcing contacts are of arc resisting tungsten 
alloy. De-ion arc chutes totally enclose arcing contacts to 
confine the arc and reduce the disturbance caused by short 
circuit interruption. 
Each breaker compartment door is interlocked with the 
breaker to prevent opening when breaker is closed. Each cir-
cuit breaker is enclosed within its individual compartment 
fashioned from stretcher leveled steel. A steel door is pro-
vided with concealed hinges and has ornamental ventilating 
grilles to match adjoining transformer designs. A full 
height rear compartment is provided for the bare buses, 
instrument transformers and outgoing feeder cable connec-
tions. 
Necessary Switchgear Equipment 
For each of the high tension feeders there will be 
one switchgear unit. Therefore the high voltage switch-
gear will be composed of nine units. The first four units 
will be for the generator feeders. Each unit will contain 
the following instruments: 
a.- I Type DH "De-Ion" air circuit breaker, electric-
ally operated. 
b.- I set of insulated buses. 
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c.- 3 current transformers, 300/5 r a tio, single secondary, 
accuracy I per cent, burden 5 VA at 90% PF. 
d.- 3 Type KA-25 a-c amrneters, 0-300 scale, 5 amp coil, 
accuracy I per cent. 
e.- I Type W circuit breaker control switch with red and 
green indicating lights for incoming line circuit break-
er. 
f.- 3 CO overcurrent relays with built in test switches. 
g.- I Disconnecting Type PT potential transformer, 4,I60/ 
!20 volt, accuracy I per cent, burden I2.5 VA at IO% PF. 
h.- I Type KA-25 voltmeter, O-I50 scale, I5G volt coil, 
accuracy I per cent. 
io- I Type W 3-phase voltmeter switch. 
j.- I Type CB-2F polyphase watthour meter, 2 elements, 5 
amperes, !20 volt with built in test switch~s, accuracy 
I per cent. 
k.- I Type KY-25 wattmeter with a 2,000 kw scale, accuracy 
I per cent. 
1.- I power factor meter. 
m.- I name plate for circuit identification. 
The two units for the high tension motors will each 
contain the following equipment: 
a.- I Type DH "De-Ion" air circuit breaker,electrically 
operated. 
b.- I set of insulated buses. 
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c.- 3 current transformers, 75/5 r a tio, single second-
ary, accuracy I per cent, burden 2 VA at 90% PF. 
d.- 3 Type KA-25 a-c ammeters,0-75 scale, 5 amp coil, 
accuracy I per cent. 
e.- I Type W circuit breaker control switch with red 
and green indicating lights for incoming line 
circuit breaker. 
f.- 3 Type CO overcurrent relays with built in test 
switches. 
g.- I name plate for circuit identification. 
The next two units for t he two feeders of the factory 
low tension bus will have the same equipment, except that 
the current transformers will have a ratio of 400/5 and the 
ammeters will have a 0-400 scale. The last unit for the feed-
er of the town and pumping station low tension bus will also 
contain the same e quipment, again with the exception that 
the current transformer ratio will be 200/5 and the ammeter 
will have a 0-200 scale. Two 2000 KVA and one 600 KVA ASL 
Type air cooled 4,I60/I90 volt transformers will be used. 
The dimensions of the panels are given on page 46. 
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For the low tension switchgear four units will be 
necessary. Two of them will control three 3-phase feeders 
and the other two will control two 3-phase feederso 
The unit for the low tension motor feeders will control 
two 3-phase feeders. Equipment will include: 
a.- 2 Type DK-!5 "De-Ion" air circuit breakers, 225 
amperes, 3-pole, single-throw, electrically oper-
ated. 
b.- I set of bare copper buses and connections. 
Co- 2 sets of terminals for outgoing cables. 
do- 4 Type BT-5 current transformers, 225/5 ratios. 
e.- 2 Type KA-25 ammeters, 0-225 scale, 5 ampere 
coil, accuracy I per cent. 
f.- 2 circuit name plates. 
The unit for the feeders of electrolytic rectifier, 
lighting, and plant auxiliaries will control three 3-phase 
feeders. Equipment will include: 
a.- 3 Type DK-I5 "De-Ion" air circuit breakers, 75 
amperes, 3-pole, single-throw, electrically 
operated. 
b.- I set of bare buses and connections. 
c.- 3 sets of terminals for outgoing cables. 
do- 6 Type BT-5 current transformers, 75/5 ratioo 
eo- 3 Type KA-25 ammeters, 0-75 scale, 5 ampere coil 
accuracy I per c ent. 
£o- 3 circuit name plates. 
52 
The unit for the outgoing feeders to the town will 
also control three 3-phase feeders. Equipment will include, 
in addition to all those mentioned above, three watthour 
meters. The watthour meters will be of the Type CB-2F poly-
phase, two-element, 5 amperes, II5 volts. 
The feeders to residential settlements and to pumping 
station will be controlled by the last unit which will have 
the same equipment as the unit £or the low tension motors. 
Again,two watthour meters of the above mentioned type will 
be added. 
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PROTECTION OF POWER PLANT 
The need of' protection is obvious. Not only \~'rill fail-
ure to protect the electrical equipment endanger the equip-
ment itself, but may also endanger life. Failure of' generat-
ing equipment involves more than the cost of repairs to such. 
Protection is mainly against sustained overloads, high 
temperatures, and internal faults. Since the power plant un-
der consideration is not of large capacity, only air circuit 
breakers and overcurrent relays are used for protection. A 
dif'f'erential scheme of protection would be an effective way 
of protecting generators and t~ansformers against internal 
faults. However, in view of' the small size of' the generat-
ing station, the cost of such a scheme would not be justi-
fied. 
Protection of motors driving the station auxiliaries 
is very important. It is desirable that the essential auxi-
liaries remain in service at all times except during sus-
tained abnormalities or internal faults. Thermal fuses will 
be used f'or the auxiliary motors f'or protection against 
overcurrents. The National Electric Code specif'ies that if' 
f'uses are used, their capacity must not exceed I25 per cent 
of' the name plate current rating of the motors. 
Assuming 85 per cent efficiency and 80 per cent power 
£actor for all motors, the sizes of the fuses will be 
determined as follows: 
ao- For the 3 hp motors 
3 X 746 
Rated Current = 
Fuse Rating 
= 17.4 amperes 
= I7.4 X 125 % 
= 2I.6 amperes 
25 ampere standard £uses will be used. 
b.- For the 5 hp motors 
5 X 746 
Rated Current = 
Fuse Rating 
V) X !10 X 0.80 X 0.85 
= 28.9 amperes 
= 28.9 X 125 % 
= 36.! amperes 
40 ampere standard fuses will be used. 
c.- For the 20 hp motors 
20 X 746 
Rated Current = 
Vj X IIO X 0.80 X 0.85 
Fuse Rating 
= II5.5 amperes 
• II5.5 x 125 % 
= 144.5 amperes 
I50 ampere standard £uses will be used. 
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do- For the 30 hp motors 
30 x?46 
Rated Current • 
Fuse Rating 
vr x rro x o.8o x o.85 
= I74 amperes 
= I74 x I25 % 
= 2!6 amperes 
225 ampere standard fuses will be used. 
eo- For the 40 hp motors 
40 X 746 
Rated Current = 
Fuse Rating 
v3 x rro x o.ao x o.85 
• 23! amperes 
= 23I x I25 % 
= 289 amperes 
300 ampere standard fuses ~11 be used. 
£.- For 5 hp d-e motors 
5 X 746 
Rated Current = 
Fuse Rating 
IIO x 0.85 
= 40 amperes 
= 40 X !25 % 
• 50 amperes 
50 ampere standard fuses will be used. 
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Station bus short circuits and grounds are not common 
occurrences; for this reason bus protection is not consider-
ed for the power plant. 
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POWER IN EMERGENCIES 
It will be recommended that a 200 kw diesel set be 
installed to operate in case of emergencies. During such 
cases the set will provide power for lighting and other 
purposes. The diesel set will be installed just beside the 
turbo setso The arrangement is shown in the layout plan 
in Appendix E. The connection of the diesel set to the 
main bus will be similar to the generator connections as 
shown in Appendix C, Figures (a) and (b). A separate unit 
of the switchgear will be provided for the diesel set, and 
it will have the same equipment as the units for the gener-
ators. The dimensions o£ the switchgear unit are given on 
page 46. 
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COST ESTIMATION OF THE POWER PLANT 
Due to insu££iciency of information, it has not been 
possible to make a detailed and accurate cost determination 
of the power plant o However , a rough estimation is made be-
low. To be able to make the estimatimn, certain rates of 
cost are assumed per kilowatt o£ installed capacity. In 
making these assumptions, costs o£ other power plants that 
had been erected previously are examined and £or simpli-
city figures are rounded up . The Catalagzi power plant, 
the Sivas cement factory power plant, and the Izmit power 
plant are the plants o£ which the costs are examined. The 
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18.70 19.90 
53.25 51.40 
For the three power plants the cost of buildings has 
respectively been IOO, 102.5, and IOI.4 T.L. per square 
meter per storey. 
For the power plant under consideration the following 
assumptions will, therefore, be made: 
Buildings : IOO T.L. per square meter per storey 
Machinery : 300 T.L. per kw 
Electrical equipment : !5 T.L. per kw 
Erection of machines : 20 T.L. per kw 
Transformers and transmission lines : 50 TaL. per kw 
Land around the Marmora district is approximately 
one T.L. per square meter. 
From the drawing in Appendix E it will be observed 
that the land required will be 128 ft by 80 ft. The metric 
equivalent will be 39 m by 24.4 m. This area is required 
only for the buildings; however, the actual area must be 
larger to include the coal storage. Therefore, the required 
area will be assumed to be 50 m by 25 m, or 1,250 square 
meters. 
The cost will then be estimated as follows: 
Land • I X !,250 • = !,250 T.L. 
Buildings . 100 X 951.6 X 2 = 190,320 T.L. . 
Machinery . 300 X 6200 = !,860,000 T.L. . 
Electrical equipment . 15 . X 6200 = 93,000 T.L. 
Transformers and 
transmission lines 50 X 6200 = 310,000 T.L. 
Erection o.f machines . 20 X 6200 • 1~ 1 000 T.L. . 
Total cost = 2,578,570 T.L. 
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One dollar is presently equal to 2o85 T.L. (Turkish 
Liras)o .Accordingly the total cost of' the power plant 
will be 
2,5788570 = $ 904,000 
2. 5 
For plants of' this capacity, it is common practice 
in the United States to asswne $ !50 per kw*. Considering 
this value, the cost of' the power plant would be 
I50 X 6200 = $ 930,000 
For a rough approximation the two figures can be con-
sidered sufficiently close. 
With the value found by considering Turkish currency 




= t !46.5 per kw 
which is very close to the value used in the United States. 
* Skrotzky, B. G. and Vopat, W. A. " Applied Energy Con -
version " 9 pg. 391. 
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ARRANGEJ.VIENT OF EQUIPl ·IENT 
The complete a r rang ement of the power plant equipment 
is sho~m in Appendix E . In the preparation of this layout 
considerable attention is given to the location and arrange-
ment of the e quipment so as to insure its safe operation 
as well as to facilita te inspection, maintenance and repair. 
The curtain wall between the boiler room and the tur-
bine room is eliminated. The advantages thus obtained are 
threefold: 
a.- Decreased investement cost 
b.- Improved lighting of boiler room 
c.- Improved operating convenience. 
Switchgears are mounted on a gallery to provide im-
proved control over the turbine and boiler rooms. To keep 
the control room as noiseless as possible, it is recommended 
that the control room be surrounded by glass file. 
A low voltage switchboard is also provided for the 
auxiliary motors. The arrangement of this switchboard is 
shown on page 6I. 
6I 
Fl- c Lllle 
Purnp lvfof!)r~ Condet'Jsafe 
D-C LirJe 
T . .D. Fan 
Auxiliary Motor Switchboard 
PART II 
FEED WATER PREPARATION 
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FEED WATER PREPARATION 
In the operation of steam generating plant, it is of 
the utmost importance to ensure that the metal of which the 
boiler is built is kept in a satisfactory condition, and 
present-day requirements accentuate the need for proper 
ca re. The modern steam generating plant, whether for elec-
tric power station installations or for industrial use, 
comprises boiler units consisting of boiler proper, the -
furnace, the superheater, and the economizer. And the con-
dition of the metal in all these parts is affected by the 
condition of the water. In view of this fact, it is essen-
tial to see that the wa ter used is free of impurities as 
far as it is possible. 
The impurities commonly occuring in water are divid-
ed into three main classes: 
ao- Solids, both soluble and insoluble 
b.- Liquids, such as oil and grease 
Co- Gases, such as oxygen, carbon dioxide. 
The better known impurities are those which produce a hard 
scale when the water is evaporated. Other impurities may 
be salts which will corrode or eat away the metal if water 
containing such salts is not rendered satisfactory before 
being used. 
The following are the inorganic and organic impurities 
commonly occurring in water: 
CALCi ill4 CARBONATE (Caco3 , marble, chalk, limestone). 
In its pure state this is only slightly soluble in water, 
but dissolves more freely inwater containing carbonic acid, 
forming calcium bi-carbonate. When water containing calcium 
bi-carbonate is heated, carbonic acid is driven off, and the 
norma l calcium carbonate is precipitated. Calcium carbonate 
by itself forms a comparatively soft scale, but with other 
ingredients in the water it forms a hard scale. 
CALCIUM SULPHATE (CaS042H20, gypsum). Calcium sulphate 
forms a hard scale and attaches itself very firmly to the 
boilers. 
CALCIUM CHLORIDE (CaC12 ). Calcium chloride is very solu-
ble in water and does not cause incrustation or deposito Its 
chief objection ina water is that it may decompose sulphates 
forming calcium sulphate and magnesium chloride which is 
corrosive. 
CALCIUM NITRATE {Ca(N03) 2 ). It is a soluble salt and 
may cause corrosion. 
MAGN ESIUM CARBONATE (MgC03 ). It behaves very similar-
ly to calcium carbonate, the normal carbonate being sparing-
ly soluble, while the bi-carbonate is much soluble. 
MAGNESIUM SULPHATE (MgS047H20). It is very soluble in 
water and does not itself form scale, but with sodium chlor-
ide, which is present in all natural waters, it forms magnes-
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ium chloride, a very corrosive salt. 
MAGNESIUM CHLORIDE (MgC12 ). It does not form scale, 
but it is very objectionable, as ·at boiler temperatures and 
pressures it is liable to decompose, forming hydrochloric 
acid which is very harmful as it attacks and corrodes metals. 
SODIUM SULPHATE (Na2so4 )o A neutral salt which neither 
forms scale nor corrodes. It is used as an inhibitant against 
embrittlement o£ boilers. 
SODIUM CHLORIDE (NaCl, ordinary salt). It behaves simi-
larly to sodium sulphate, excepting that it forms no protect-
ive deposits such as to inhibit caustic embrittlement. 
Besides all these impurities there are, in smaller 
quantities, some sodium carbonate (Na2co3 ), iron (Fe), alu-
mina (Al2o3 ), silica . (Si02), carbon dioxide (C02 ), and sus-
pended matter. 
To be suitable for boiler feeding, water should 
a.- be under sufficient pressure to cause the proper 
amount of it to flow into the boiler. 
bo- be free of impurities which will result in deteri-
oration or operating difficulties in the boiler. 
c.- be as near the boiler saturation temperature as is 
possible, consistent with an economic heat balance. 
The feed water loop consists of a treatment o£ raw 
make-up water which is added to balance the loss in a blow-
down, discharge through safety valves, leaks, etc. The 
treated water is added to the main condensate stream which 
is then heated. The boiler feed water pump supplies the 
difference in pressure between the boiler and the condensate 
system, and the flow is regulated by the feed water regulat-
or. Consequently the feed water loop will be considered un-
der three subheads: 
I.- Feed water treatment 
2.- Feed water heating 
3.- Pumps and feed water regulation. 
I.- Feed Water Treatment. Feed water is usually treat-
ed in two ways, either chemically or non-chemically, by dis-
tillation. It is usually necessary when using a natural wa-
ter to treat it in order to reduce the scale forming and 
corrosive properties. Water used as boiler feed should have 
a slight caustic alkalinity, and the most general method of 
obtaining a satisfactory water is to treat it chemically. 
CHEMICAL TREATMENT 
a.- For hard waters • • • Lime soda process 
b.- For hard waters • • • Caustic soda and soda ash 
process 
c.- For hard waters • • • Base exchange process 
d.- For alkaline carbonate waters • • • Lime process 
e.- For acid waters ••• L~e process 
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a.- Lime Soda Process 
I e- Removal o:f temporary hardness is usually brought 
about by the addition o:f a sufficient quanti ty of lime. 
Temporary hardness caused by calcium bi-carbonate is removed 
by the carbonic acid acting with lime. The chemical reac-
tion is: 
Calcium Calcium Calcium Water 
bi-carbonate hydrate carbonate 
2.- Temporary hardness caused by magnesium bi-carbon-
ate is removed in a similar way, but lime is required to 
combine with the magnesium carbonate formed to convert it 
to magnesium hydroxide, and therefore twice as much lime is 
required :for removing hardness due to magnesium bi-carbonate 
compared with calcium bi-carbonate. The chemical reaction is 
MgH2 (co3 ) 2 + 
Magnesium Calcium Calcium Magnesium 
bi-carbonate hydrate carbonate hydroxide 
(precipitated) 
3.- Permanant hardness caused by calcium salts (sul-
phate, chloride, nitrate) is removed by the addition of · 
the correct quantity o:f soda ash to form calcium carbonate 
which is precipitate•. The chemical reactions are: 
Caso4 + = -., CaCO 3 
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+ = + 2NaC1 
Ca{N03 )2 + Na2 co3 = Caco3 + 2NaN03 
Calcium Sodium Calcium Sodium 
sulphate, carbonate carbonate sulphate, 
chloride, (precipitated) chloride, 
nitrate nitrate 
4.- Per.manant hardness due to magnesium salts {sul-
phate, chloride, and nitrate) is removed by the addition 
6~ the required amount o~ lime and soda ash. The lime re-
acts the magnesium salts and ~orms magnesium hydroxide. 
The chemical reactions are: 
MgS04 + Ca(OH) 2 = ·Mg( OH )2 + Caso4 
MgCL2 + Ca(OH) 2 = Mg(OH) 2 + CaC12 
Mg(N03 )2 + Ca(OH) 2 = Mg(OH) 2 + Ca(N03 ) 2 
:Magnesium Calcium Magnesium Calcium 
sulphate, hydrate hydroxide sulphate, 
chloride, (precipitated) chloride, 
nitrate nitrate 
b.- The Caustic Soda and Soda Ash Process 
Caustic soda alone or with soda ash can be used £or 
some waters to precipitate the calcium carbonate and mag-
nesium hydroxide. For the removal of temporary hardness 
caustic soda is · added, and the following reactions take 
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place: 
CaH 2 (co3 ) 2 





= Caco3 + Na2co3 + 2H20 
= Mg(OH) 2 + 2Na2C03 + 2H 20 
In the removal of the permanent hardness due to 
magnesium salts the following reactions take place: 
MgS04 + 2Na0H = 
+ 2Na0H = 
= 
Mg(OH) 2 








For the removal of the permanent hardness due to 
the calcium salts sodium carbonate is used as discussed 
in the previous treatment. 
c.- Base Exchange Process 
Removal of hardness by exchange of bases can be 
carried out by means of the property, poss~ssed by cer-
tain mineral compounds, of exchanging part of their 
constituent elements for other chemical elements in 
liquids with which they are brought into contact. These 
compounds are of variable composition, but can be identi-
The chemical e quations may be considered to be 
represented thus: 
= 
Sodium Calcium Calcium Sodium 
Zeolite sull}hate Zeolite sulphate 
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Similar reactions take place for other salts. When 
the compound is exhausted, it is regenerated by ordinary 
salt (NaCl). 
It will be noticed that both temporary and permanent 
hardness are converted into the equivalent soluble salts, 
and therefore, for many waters, especially those with any 
appreciable temporary hardness, the process is not suit-
able for boiler feed water purposes, as the soluble salts 
must be kept as low as possible. 
d.- Treatment of Alkaline Carbonate Waters 
When such natural waters are found, they can be 
treated by ·lime. Care has to be taken to see that there 
is no excess alkalinity. 
2NaHC03 
Sodium 





bi-carbonate hydrate carbonate carbonate 
(precipitated) 
Similar reactions take place i~ calcium or magnes-
ium bi-carbonate is present. 
e.- Treatment o£ Acid Waters 
Lime and sometimes soda are used to neutralize 
whatever acidity is present. 
NON CHEMICAL PREVENTIVE TREATMENT 
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This includes all methods of treatment which elimin-
ate or reduce one or more of the operating difficulties 
that would be caused as a result of poor feed water, with-
out the use of chemical reactions between the water and a 
treating solution. Suspended solids are remove d by sedi-
mentation or filtration. The common open heater removes 
carbonate hardness by filtering the precipitate through a 
coke or char coal bed. The make-up water of many public 
service stations operating on a closed feed water loop is 
purified by evaporation; however, the feed to the evapora-
tor is often softened by some preliminary chemical treat-
ment to reduce evaporator scaling. 
Deaeration is the removal of non-condensible gases 
from the feed. A certain amount of deaeration is obtained 
by heating the feed and venting the heaters back to the 
air removal section of the condenser. When further deaera-
tion is sought, deaerating heaters are used. 
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2o- Feed Water Heating. The purpose o£ heating 
£eed water is threefold. First, i£ the water is heated 
by heat which would otherwise entirely or partially go 
to waste, the heating represents a saving o£ fuel. se-
cond, thethermal stress induced in the boiler plate by 
contact with a stream o£ cold feed water is reduced, 
possibly eliminated. Third, the nearer the feed to satu-
ration temperature, the less the heat to be added in the 
boiler itself and the more the steam raising capacity of 
each sijuare foot of heat transfer surface. This becomes 
of increasing importance at higher boiler pressures. 
Therefore, £eed water heating results in increased 
e£ficiency and increased boiler capacity. The cost of 
the heating equipment is opposed to the lowered fixed 
and energy elements of cost, and when the balance is on 
the side of decreased cost of producing energy, the heat-
ing equipment is justified. Some amount o£ heating is 
almost always justified. 
3.- Pumps and Feed Water Regulation. The function 
of a pump is to add to the pressure existing on a gas or 
liquid an increment &ufficient to the required service. 
Water pumps are used for condensing water, condensate, 
boiler feed, heater drain, etc. Pump types ordinarily 
found in power plant practice are reciprocating, centri-
fugal, rotary, and jet pumps. 
Feed Water Regulation. The feed water regulator is 
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the governor of the feed water supplied to the boiler. 
There are several makes of £eed water regulators on the 
market, most of them either float or thermostatically 
operated. Continuous regulators have become the standard 
type. Regulators designed to maintain a constant feed 
water pressure at the p~p by controlling the steam supply 
to it have been in use a long time. When close feed water 
regulation is necessary, an excess, or differential press-
ure regulator is used to maintain constant pressure across 
the control valve. The amount of water that may be passed 
by a valve is dependent not only on the area of the open-
ing, but also upon the pressure drop across the valve. The 
practice of modern engineering is to control the water 
pressure differential in the individual feed line to each 
boiler so that there will be a uniform water pressure drop 
across each regulator. The excess pressure regulator is 
installed at the inlet side of the water level controller. 
Acting practically as a reducing valve, it maintains at 
its outlet a pressure which is a definite amount higher 
than the pressure at the controller outlet. 
TROUBLES OF POOR FEED WATER 
The troubles caused by the feeding of water of 
undesirable quality are: 
Io- Scaling 
2.- Corrosion 
3.- Foaming and priming 
4.- Embrittlement 
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I.- Scaling. Boiler scale is due, mainly, to the 
cementing action of salts of calcium and magnesium. The 
worst offender is calcium, particularly in the sulphate 
form. The formation of scale is caused by the dissolved 
salts in the boiler water reaching a · concentration beyond 
which they are no longer soluble at the boiler temperature. 
Calcium sulphate has negative solubility; that is, it is 
less soluble in hot water than in cold. This is why it is 
so troublesome an element. 
Scaling may take place in boiler drums or tubes, 
heater tubes, and feed water piping. Its effect on the 
piping system is to choke the flow, requiring an increase 
of pressure to maintain water delivery. Its effect on 
heat transfer surfaces is to decrease the transfer. 
Treatment for scale consists of removing the scale 
forming elements or replacing them with extremely soluble. 
salts. 
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2o- Corrosion. This is the destructive conversion 
of boil~r metal into oxides or ferro-salts. Corrosion 
may occur at any place in the ~eed water loop, but it is 
found principally in boilers, heaters, and piping. It is 
due either to an acid condition of the water, or to dis-
solved oxygen. Magnesium chloride hydrolizes to the acid 
at boiler temperatures; consequently, it is regarded as 
an active corrosive agent. To prevent corrosion the boiler 
water is maintained alkaline and, if necessary, the feed 
water is deaerated to reduce the oxygen content to suit-
able value. 
3.- Foaming and Priming. There have been no general-
ly adopted definitions for these two terms. Foaming refers 
to that condition of boiler operation where a stable foam 
is produced. It may or may not be accompanied by priming, 
which is the production of wet steam or, in the aggravated 
case, slugs of water. Wet steam is indicative of faulty 
operating conditions in a power boiler; slugs o~ water are 
liable to be very destructive to piping, engines or turbines. 
The source of foaming resides in the condition of the 
boiler water itself. Too high a concentration of dissolved 
salts is a frequent cause of foaming, although to produce 
a foam it is necessary to have present suspended solids 
such as particles of scale, silica, etc. Foaming results 
also from saponification of boiler water through mixture 
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of oil or grease with alkali~ Floating organic matter is 
another source of foam. When foaming is due to the con-
centration of salts in the water, the condition is relieved 
by altering the treatment or by blowing down more of the 
concentrated water. 
4.- Embrittlement. While this is the rarest of all 
boiler diseases, it cannot be said to be so rare as to be 
unimportant. A serious feature of embrittlement is that 
when failure occurs, it may come as a disastrous explosion, 
because embrittlement affects the drums and its presence 
is not detectable except on minute scrutiny. Ernbrittlement 
is attributed to the presence of a certain concentration 
of sodium hydroxide in the absence of inhibiting agents. 
For this reason it is referred to as "caustic embrittle-
mentn. The steel loses its toughness and cracks appear 
along the seams below the water line. They generally run 
from rivet to rivet, following the inter crystalline struc-
ture. 
Prevention of ernbrittlement consists of reducing the 
causticity or adding inhibiting agents such as sodium sul-
phate or phosphate. The ASME recommendation consists of 
maintaining a ratio of sodium sulphate to sodium carbonate 
of I up to I50 pounds gage pressure, 2 up to 250 pounds, 
and 3 for 250 pounds and over. No boilers meeting these 
ratios have experienced embrittlement. 
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SUMMARY 
In the first part of the thesis the electrical 
design of a power plant to be erected in Mudanya, Turkey 
is worked out with as much detail as has been possible. 
In order to accomplish the design it has been necessary 
to make several assumptions when needed. In making these 
assumptions attention is paid to be as reasonable as 
possible. The sequence followed in the design has been 
mostly that followed by many authors in their text books • 
. First the location and buildings of the power plant are 
discussed. Then through a study of the loads and load curves 
the most convenient units are selected. After determining 
the necessary auxiliaries and selecting motors to drive 
them, the capacities of the circuit breakers are calculat-
ed by the use of the method of symmetrical components. 
With the determination of the circuit breaker capacities, 
it has been possible to design the switchgear. Finally 
the protection of the power plant is discussed and a cost 
estimation is made. 
In the second part of the thesis a general discus-
sion .of the methods of treating boiler make-up water is 
given. The reason that has stimulated the author to 
give this discussion is that the power engineer usually 
looks to the chemist to ensure that the water is in the 
correct state, but it is considered advisable that the 
77 
engineer should have a general knowledge o~ the important 
~actors involved, ~or whilst the engineer can rely upon 
the chemist regarding the procedure employed in determin-
ing the figures, it is certainly pre~erable for him to 
know how to make use of the data. By so doing he may pre-
vent the serious harm which frequently occurs as a conse-
quence of corrosion and scale formation, as it is much 
easier to prevent these troubles than to overcome the 
difficulties resulting from them. At the same time it 
should be appreciated that the usual daily chemical con-
trol tests are quite simple and do not need to be carried 
out by a chemist. 
The discussion is completed by mentioning some of 
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